Modulation of radiation-induced cytokine elevation associated with esophagitis and esophageal stricture by manganese superoxide dismutase-plasmid/liposome (SOD2-PL) gene therapy.
Radiation of the esophagus of C3H/HeNsd mice with 35 or 37 Gy of 6 MV X rays induces significantly increased RNA transcription for interleukin 1 (Il1), tumor necrosis factor alpha (Tnf), interferon gamma inducing factor (Ifngr), and interferon gamma (Ifng). These elevations are associated with DNA damage that is detectable by a comet assay of explanted esophageal cells, apoptosis of the esophageal basal lining layer cells in situ, and micro-ulceration leading to dehydration and death. The histopathology and time sequence of events are comparable to the esophagitis in humans that is associated with chemoradiotherapy of non-small cell lung carcinoma (NSCLC). Intraesophageal injection of clinical-grade manganese superoxide dismutase-plasmid/liposome (SOD2-PL) 24 h prior to irradiation produced an increase in SOD2 biochemical activity in explanted esophagus. An equivalent therapeutic plasmid weight of 10 microgram ALP plasmid in the same 500 microliter of liposomes, correlated to around 52-60% of alkaline phosphatase-positive cells in the squamous layer of the esophagus at 24 h. Administration of SOD2-PL prior to irradiation mediated a significant decrease in induction of cytokine mRNA by radiation and decreased apoptosis of squamous lining cells, micro-ulceration, and esophagitis. Groups of mice receiving 35 or 37 Gy esophageal irradiation by a technique protecting the lungs and treating only the central mediastinal area were followed to assess the long-term effects of radiation. SOD2-PL-treated irradiated mice demonstrated a significant decrease in esophageal wall thickness at day 100 compared to irradiated controls. Mice with orthotopic thoracic tumors composed of 32D-v-abl cells that received intraesophageal SOD2-PL treatment showed transgenic mRNA in the esophagus at 24 h, but no detectable human SOD2 transgene mRNA in explanted tumors by nested RT-PCR. These data provide support for translation of this strategy of SOD2-PL gene therapy to studies leading to a clinical trial in fractionated irradiation to decrease the acute and chronic side effects of radiation-induced damage to the esophagus.